and sodium dodecyl surfate (SDS) systems 4) to cause the phase transition from hexagonal liquid crystal (H 1 ) to lamellar liquid crystal phase (La); the use of SLIP as a cosurfactant in various applications seemed to be very promising. However, it was demonstrated that the solubilization sites of SLIP varied with its concentration in the homologous sodium N-dodecanoyl sarcosinate (or sodium N-dodecanoyl-N-methylglycinate, Sar) system 5) . SLIP causes the phase transition from hexagonal liquid crystal (H 1 ) to discontinuous cubic liquid crystal (I 1 ), and in our opinion, SLIP changes its solubilized site from palisade layer of the aggregate to the core of the aggregate on this phase transition.
As noted above, our previous papers mainly focused on liquid crystal phases. On the other hand, in order to obtain information of water micelle phase, NMR is a good method. Several papers have been published on the existence of two isomers of N-acyl-N-substituted glycinate in water solutions [6] [7] [8] [9] . They give two different signals in 1 H and 13 C spectra, due to the relatively slow rotation around the peptide bond compared to the NMR time scale. Takahashi found the population of Sar-trans isomer increased on the formation of micelles and concluded that Sar-trans isomer is more stable in the micelle state because it has smaller cross section relative to Sar-cis isomer 6) . The two isomers of Sar and their cross section models are shown in . We focused on this conformational change of Sar as the possible key factor of aggregative structure formation and phase transition of the surfactant system, and examined the 13 C-and 1 H-NMR spectra of SLIP and Sar in the aqueous solution.
EXPERIMENTAL

1
Sodium N-dodecanoylsarcosinate (Sar, > 99%) was purchased from Fluka Chemie GmbH. NaOH was added at 2 mol % excess of Sar in order to avoid hydrolysis. Isopropyl N-dodecanoylsarcosinate (SLIP, > 96%), butyl N-dodecanoylsarcosinate (SLBU, >96%), and isooctadecanoyl Ndodecanoylsarcosinate (SLIS, >94%) were synthesized by conventional esterification of N-dodecanoylsarcosine at Ajinomoto Co., Inc.
3) . [6] [7] [8] [9] . They are attributed to cis and trans isomers. The isopropyl-CH (ip-CH) gives complicated multiplet due to coupling with the ip-CH 3 , however, 13 C signal of ip-CH also shows two separate peaks ( ), thus it is concluded that the ester part of SLIP is also suffering from the magnetic non-equivalency. The populations of two isomers determined from the integrated intensities of each signal for N-CH 2 , N-CH 3 3 , and 2-CH 2 , and trans/cis ratio for each solution determined from integration of the signals are described. In more hydrophilic solution, the population of SLIP-trans isomer decreased, that is, the stability of SLIP-cis isomer increases in hydrophilic atmosphere.
This may be explained by another conformational change of the SLIP-cis isomer. There are three possible rotamers due to the rotation around the bond between N and N-CH 2 (
). cis II and cis II' forms have the shape of "J". In the J-shape, the ester part of SLIP can avoid hydrophilic atmosphere and is stabilized by interaction with the N-acyl chain. Note large downfield shift of SLIPcis N-CH 2 in (the arrows).
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J. Oleo Sci. 56, (3) 115-121 (2007) In order to examine this hypothesis, we conducted 1 H-NMR measurement of the analogues of SLIP in CDCl 3 and CD 3 OD. The comparison of trans/cis ratio of SLIP, SLBU, and SLIS is shown in . In CD 3 OD, more hydrophobic ester shows larger populations of cis isomer; this is because the stabilization by van der Waals interaction between ester part and N-acyl chain is more effective with longer ester. . In general, the signals of SLIP and Sar appear clearly separated and it was possible to determine trans/cis ratio for both; the result is shown in . Without SLIP, trans/cis ratio of Sar is about 3, and this is in agreement with the previous reports 6, 9) . In the micelle state Sar-trans isomer is more stable because it is suitable for packing.
When 2wt% of SLIP is added, trans/cis ratio of SLIP is 1.8 (line in ) and 2.1 (line in ). These values are smaller than that in the aqueous CD 3 OD solutions ( ), that is, SLIP-cis isomer, which has larger cross section, is preferred. In our previous work 5) we concluded that when the small amount of SLIP is added, SLIP tends to penetrate in palisade layer of Sar; it was speculated that the smaller cross section of SLIP-trans form would be suitable for the penetration. However in fact, the presence of the ester part at the near surface of the micelle probably makes it less stable. With cis form the ester part is preferable for avoiding the hydrophilic atmosphere.
With increase of SLIP, Sar-cis and SLIP-trans increased. Again our previous papers reported that in H 1 phase, the effective cross-sectional area per surfactant molecule (a s ) increases with increase amount of SLIP. This NMR result seems to indicate that the same change is happening in the water micelle state, that is, the population of Sar-cis isomer, which has larger cross sectional area, increases with addition of SLIP. Given the aggregation number is unchanged, the surfactant head group is able to cover larger area, thus undesirable contact between the ester group of SLIP and water is reduced and more stable SLIP-trans isomer increases.
With addition of SLIP on the line in , broadening of signals of hydrophilic headgroup of Sar is observed ( ), indicating mobility of the headgroup is decreased. With further addition of SLIP, the phase turns to H 1 phase. The low mobility of headgroup seems to be relevant to the formation of the liquid crystal phase. In particular, at the point of phase transition, Sar-2-CH 2 became broad for both isomers, but the broadening of Sar-N-CH 2 and Sar-N-CH 3 were observed only for trans isomer. This indicates that amino acid moiety of Sar-cis isomer keeps its mobility even at very dense-packed state. potassium lauroyl sarcosinate in D 2 O depended on its concentration 9) . Signals of the polar headgroup (COO, N-CH 2 , N-CH 3 and CON) were shifted upfield and those of the end of acyl group (10-CH 2 , 11-CH 2 and 12-CH 2 ) were shifted downfield upon the formation of micelle. Based on this report, we examined 13 C-NMR chemical shift of SLIP and Sar in a SLIP/Sar/water system.
In general, Dd of Sar caused by addition of SLIP showed the similar change reported by Cerichelli ( and ) . The direction of shift is reversed around 3-CH 2 ; 2-CH 2 shows similar move to that of the polar headgroup. Upon micelle formation, headgroup shifts upfield due to the inter-headgroup interactions and dehydration 9) . Addition of SLIP caused the similar change because SLIP penetrates in palisade layer of Sar and expel water molecules. Among the large headgroup of Sar, CON showed the largest shift. This observation seems to be in agreement with the broadening of the 1 part pulls close each other. An interesting observation is made about the difference of Dd of the head group for the two isomers of Sar. Cerichelli pointed that Dd trans was always larger. In our study, for Sar-N-CH 3 Dd trans is larger, but for Sar-COO and Sar-2-CH 2 , Dd cis is slightly larger. This difference comes from the fact that the opposite change is occurring at the very surface of the micelle for both cases. Upon the formation of micelle, the population of Sar-trans isomer increases constantly to reduce the headgroup repulsion; on the other hand, by the addition of SLIP, the population of Sarcis isomer increases to cover the micelle surface with the same number of surfactant molecules.
The polar group and ester group of SLIP are also shifted upfield. This change is also explained by penetration into the micelle and resulting dehydration. The fact that SLIPDd is much larger than that of Sar ( and ) might suggest that SLIP "sinks" into the deeper position of the micelle with increase of its concentration.
3
We have previously reported that the addition of SLIP causes the different type of phase transition in the SDS/water system and in the Sar/water system 4) . In the hexagonal liquid crystal phase (H 1 ), SLIP penetrates in the palisade layer of the surfactant for both systems. In the SDS system, SLIP stays in the palisade layer to cause the phase transition into the lamellar phase (L a ); on the other hand in the Sar/water system, SLIP shifts to the inner core of the aggregates to form an oil pool thus the phase transition into the discontinuous cubic phase (I 1 ) takes place. These discussions were based on the observation of liquid crystal phases, and the result of 13 C-NMR measurements of the Sar system is in agreement with these previous discussions.
The effective cross sectional area per surfactant molecule (a) is another interesting topic of discussion. In , (A) a of SDS and Sar determined by the surface tension measurement and (B) a s determined by the smallangle X-ray scattering measurement were compared. (A) represents the a value in the dilute state, and (B) of the densely packed H 1 phase. The difference of Sar values between (A) and (B) is striking; a in the dilute state is more than double of that in the crystal phase. In the case of SDS, the difference of a is mainly attributed to the repulsion of the headgroup. On the other hand for Sar, this large difference probably comes not only from the repulsion, but also from the actual structural changes discussed in this paper. The existence of trans and cis isomers, which have different bulkiness, gives Sar such a flexibility in a. 
